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Abstract

Background: Congenital anomalies are a significant cause of death and disability for infants, especially in low and
middle-income countries (LMIC), where 95% of all deaths due to anomalies occur. Limited data on the prevalence
and survival of infants with congenital anomalies are available from Central America. Estimates have indicated that
53 of every 10,000 live births in Guatemala are associated with a congenital anomaly. We aim to report on the
incidence and survival of infants with congenital anomalies from a population-based registry and classify the
anomalies according to the International Classification of Disease, Tenth Revision (ICD-10).

Methods: We conducted a planned secondary analysis of data from the Maternal Newborn Health Registry (MNHR), a
prospective, population-based study carried out by the Global Network for Women’s and Children’s Health Research in
seven research sites. We included all deliveries between 2014 and 2018 in urban and rural settings in Chimaltenango,
in the Western Highlands of Guatemala. These cases of clinically evident anomalies were reported by field staff and
reviewed by medically trained staff, who classified them according to ICD – 10 categories. The incidence of congenital
anomalies and associated stillbirth, neonatal mortality, and survival rates were determined for up to 42 days.

Results: Out of 60,142 births, 384 infants were found to have a clinically evident congenital anomaly (63.8 per 10,000
births). The most common were anomalies of the nervous system (28.8 per 10,000), malformations and deformations of
the musculoskeletal system (10.8 per 10,000), and cleft lip and palate (10.0 per 10,000). Infants born with nervous
system anomalies had the highest stillbirth and neonatal mortality rates (14.6 and 9.0 per 10,000, respectively).

Conclusions: This is the first population-based report on congenital anomalies in Guatemala. The rates we found of
overall anomalies are higher than previously reported estimates. These data will be useful to increase the focus on
congenital anomalies and hopefully increase the use of interventions of proven benefit.

Trial registration: ClinalTrial.gov ID: NCT01073475.
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Background
Congenital anomalies are structural or functional anom-
alies that occur during intrauterine life and can be iden-
tified prenatally, at birth, or later in life [1, 2].
Congenital anomalies account for approximately 7% of
neonatal deaths and 25.3–38.8 million disability-adjusted
life-years (DALYs) worldwide [3]. The World Health
Organization (WHO) and a recent global burden of dis-
ease (GBD) study report that congenital anomalies rank
17th among the causes of disease burden [4].
Congenital anomalies are a significant cause of still-

births, neonatal mortality, and disability in low- and
middle-income country (LMIC) settings, where 95% of
all deaths occur. The median prevalence of nervous sys-
tem defects in Latin America is reported as 11.5 per
10,000 births [5].
However, in Central America, and specifically in

Guatemala, data related to congenital anomalies are lim-
ited. It is estimated that only one-third of congenital
anomalies are reported due to the lack of access to pre-
natal care, properly trained staff, or even access to the
proper technology to identify congenital anomalies.
From available Ministry of Health (MOH) data, an esti-
mated 2% of neonatal deaths are caused by congenital
anomalies, with 67% of the reported anomalies identified
as nervous system defects and 15% as cleft lip and palate
[6]. Another report from a Guatemalan Western High-
lands hospital-based registry found a nervous system de-
fect rate of 27 per 10,000 live births, which is 2.5 times
higher than the median reported for Latin America [7].
It is likely that the role of anomalies is under-estimated,
since rural areas lack access to trained health personnel
to identify and report congenital anomalies properly.
This is of particular concern in this region and in LMICs
in general, as many anomalies associated with environ-
mental exposures, nutrient deficits and even some viral
infections are potentially preventable [8, 9].
To determine the prevalence of stillbirth and neonatal

mortality rates and survival for infants with clinically evi-
dent congenital anomalies in the Western Highlands of
Guatemala, we conducted a secondary analysis from the
Global Network Maternal Newborn Health Registry
(MNHR) using the International Classification of Disease
(ICD-10) to analyze data collected by trained auxiliary
nurses in a standardized way.

Methods
The MNHR is a prospective, population-based registry
of pregnancies and deliveries conducted under the aus-
pices of the Global Network for Women’s and Children’s
Health Research (GN), a multi-country research network
funded by the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD), of

the United States. This registry has been described else-
where [10].
The main objectives of the MNHR are to quantify and

understand the trends in pregnancy services and out-
comes over time in defined, low-resource geographic
areas and provide statistics on stillbirths, neonatal and
maternal mortality as the basis of understanding and
improving health outcomes during pregnancy and
childhood.
All pregnant women in participating clusters are regis-

tered, and their outcomes tracked through 6 weeks post-
delivery. For this study, neonatal data (including clinically
evident congenital anomalies reported by the delivery at-
tendant) are collected at delivery and 42 days post-partum
from the delivery attendant, other providers, and the
mother or family. In case of a stillbirth or infant death, a
cause of death form is completed to document the clinical
cause [11]. For this analysis, we did not consider medical
terminations of pregnancies because they are illegal in
Guatemala, unless the mother’s life is at risk [12].
The GN’s Guatemalan site is situated in Chimalte-

nango, in the Western Highlands of Guatemala. In this
area, 78% of the population identify themselves as
Mayan descendants, and about 45% live in rural areas
[13]. Chimaltenango has only one local referral hospital
with limited diagnostic tools and do not perform level 3
ultrasounds or computed tomography (CT) scans.
From January 2014 to December 2018, the study staff

collected pregnancy outcome data, including data on
congenital anomalies. To record anomalies, the study
staff received training on identifying and categorizing
congenital anomalies. In the first 48 h after delivery and
up to 42 days of life, research staff conducted a clinical
examination of the baby, whenever possible, reviewed
the medical charts for those births delivered at a hos-
pital, and reviewed the available death certificates. Once
all the information was collected in the field, the case re-
port for each congenital anomaly reported was then
reviewed by local experts. Using the available data, staff
classified these congenital anomalies using the ICD-10
criteria into categories and subcategories [14]. We also
calculated the stillbirth and neonatal mortality rates
associated with congenital anomalies per 10,000 births.

Ethics
This study was reviewed and approved by the institu-
tional review boards of participating institutions, includ-
ing the University of Colorado and the Universidad
Francisco Marroquin in Guatemala. All women provided
informed consent before enrollment in the study.

Results
We identified 384 infants with a clinically-evident con-
genital anomaly among the 60,142 births enrolled from
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January 2014 to December 2018. Of those, 60% of the
births had data collected from a local public hospital fa-
cility, 35% were home births, and about 3% occurred in
a private facility. The annual rates of reported congenital
anomalies varied between 45.1 per 10,000 births in 2016
and 100.1 per 10,000 births in 2014, with an overall rate
of 63.8 per 10,000 births (Tables 1 and 2). The most
common congenital anomalies reported were nervous
system defects such as anencephaly (80 cases), hydro-
cephaly (60 cases), and spina bifida (33 cases), with an
overall rate of 28.8 per 10,000 births (173 cases). Malfor-
mations and deformations of the musculoskeletal sys-
tem, such as deformities of hands and feet and
gastroschisis (rate 10.8 per 10,000 births, 65 cases) and
cleft lip and cleft palate (rate of 10.0 per 10,000 births,
60 cases) were also identified. Other anomalies such as
Down syndrome, gastrointestinal malformations, and
cardiac malformations were observed less frequently,
with rates ranging from 0.2 to 5.8 per 10,000 births.
Stillbirths and neonatal mortality rates due to congeni-

tal anomalies varied substantially by the type of anomaly.
The overall rate of stillbirths attributed to congenital
anomalies was 16.6 per 10,000 births. The rate of still-
births associated with a nervous system defect was 14.6
per 10,000 births. Stillbirths with congenital malforma-
tions and deformations of the musculoskeletal system
were identified in 0.7 per 10,000 births, and stillbirths
with cleft lip and cleft palate were identified in 0.2 per
10,000 births.
The neonatal mortality rate reported at 42 days due to

congenital anomalies for the overall population was 22
per 10,000 live births. Nine of every 10,000 live births
were born with a nervous system defect and died before
42 days of life. Neonatal mortality attributable to malfor-
mations and deformations of the musculoskeletal system
was 4.2 per 10,000 births, and cleft lip and cleft palate
was associated with one neonatal death per 10,000 live
births.
In comparing survival rates to 42 days among infants

with congenital anomalies, the lowest survival was 18.5%

among babies with a nervous system defect. (50.9% of
the deaths were stillbirths and 30.6% were infants re-
ported dead by 42 days). Of babies with congenital mal-
formations and deformations of the musculoskeletal
system, 55.4% survived to day 42 (6.2% were reported as
stillbirths and 38.5% were reported dead at 42 days). Of
those with a cleft lip and/or cleft palate, 88.3% survived
(only 1.7% of the babies were reported as stillbirth and
10% were reported dead at 42 days) (Tables 2 and 3).

Discussion
Data on the prevalence of congenital anomalies are
needed to design effective strategies for their prevention
and management. In this secondary analysis of a popula-
tion-based registry, we found rates of clinically evi-
dent congenital anomalies reported by field staff to be
higher than reported in the literature, including ner-
vous system defects (28.8 per 10,000 births) compared
to the regional and national estimates (3.3–27.9 with
an average of 11.5 per 10,000 births in the American
region) [15].
Many nervous system defects are preventable with

folic acid supplementation before pregnancy. Although
Guatemala’s national data do not indicate significant
micronutrient deficencies, data from populations similar
to the one we studied indicate this possibility [16]. Rates
of cleft lip and cleft palate of 10 per 10,000 births were
also found to be higher than previous reports from other
Guatemalan regions, with reported rates between 4.7
and 18.9 per 10,000 births [17].
Among those babies born alive with congenital anom-

alies, the survival rate at 42 days of life was 40.1%. Babies
born with cleft lip and cleft palate had the highest sur-
vival rate at 88.3% compared to 18.5% of those with de-
fects of the nervous system. Early access to surgery for
this defect improves survival for these babies.
This study had a number of limitations. First, we were

only capable of capturing the clinically-evident congeni-
tal anomalies. In addition, the population of this sub-
study had little or no access to diagnostic technology to
determine defects prenatally, to refine the diagnoses or
to capture those that were not physically evident at de-
livery. Additionally, sophisticated techniques such as
genetic screening were also not routinely available. Thus,
congenital heart disease and other anomalies that re-
quire various technologies for diagnosis were likely to be
underestimated in this study.
However, this study did have a number of strengths

that improve upon existing data on this topic. This was
the first attempt to systematically report congenital
anomalies using ICD-10 with data gathered at the com-
munity level and available within health services and col-
lected by MNHR staff. Thus, we were able to capture

Table 1 Rates of Congenital Anomalies Reported in
Chimaltenango Per Year Per 10,000 Births

YEAR TOTAL OF
BIRTHS

TOTAL OF NUMBER
OF CONGENITAL
ANOMALIES

RATE OF CONGENITAL
ANOMALIES PER
10,000 Births

2014 12,287 123 100.1

2015 12,861 71 55.2

2016 12,646 57 45.1

2017 11,847 69 58.2

2018 10,501 64 60.9

TOTAL 60,142 384 63.8

GN06 DATA MNHR PROTOCOL
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Table 2 Type of Congenital Anomalies Reported From 2014 to 2018

ICD-10 Classification Years Totals

2014 2015 2016 2017 2018 N % of CA Prevalence per
10,000 births

Q00-Q07 Congenital malformations of the nervous system 34 40 28 42 29 173 45.1% 28.8

Q10-Q18 Congenital malformations of eye, ear, face, and neck 4 1 0 0 0 5 1.3% 0.8

Q20-Q28 Congenital malformations of the circulatory system 4 3 2 4 3 16 4.2% 2.7

Q30-Q34 Congenital malformations of the respiratory system 1 1 0 0 1 3 0.8% 0.5

Q35-Q37 Cleft lip and cleft palate 22 5 8 9 16 60 15.6% 10.0

Q38-Q45 Other congenital malformations of the digestive system 7 8 3 3 4 25 6.5% 4.2

Q50-Q56 Congenital malformations of genital organs 0 0 0 0 1 1 0.3% 0.2

Q60-Q64 Congenital malformations of the urinary system 0 1 0 0 0 1 0.3% 0.2

Q65-Q79 Congenital malformations and deformations of the
musculoskeletal system

33 9 11 5 7 65 16.9% 10.8

Q90-Q99 Chromosomal abnormalities, not elsewhere classified 18 3 5 6 3 35 9.1% 5.8

Totals 123 71 57 69 64 384 100.0% 63.8

GN06 DATA MNHR PROTOCOL

Table 3 Congenital Anomalies: Stillbirth, Neonatal Mortality and Survival Rates from 2014 to 2018

Infants with
congenital
anomalies alive
at 42 days

Infants with congenital
anomalies stillborn

Infants with congenital
anomalies reported dead at
42 days

ICD-10 Classification # Anomaly Rate per
10,000
births

# % Survival Stillbirths % Rate per
10,000
births

Dead
at 42 Days

% Rate per
10,000 live
births

Q00-Q07 Congenital malformations of
the nervous system

173 28.8 32 18.5% 88 50.9% 14.6 53 30.6% 9.0

Q10-Q18 Congenital malformations of
eye, ear, face, and neck

5 0.8 3 60.0% 2 40.0% 0.3 0 0.0% 0.0

Q20-Q28 Congenital malformations of
the circulatory system

16 2.7 4 25.0% 1 6.3% 0.2 11 68.8% 1.9

Q30-Q34 Congenital malformations of
the respiratory system

3 0.5 1 33.3% 0 0.0% 0.0 2 66.7% 0.3

Q35-Q37 Cleft lip and cleft palate 60 10.0 53 88.3% 1 1.7% 0.2 6 10.0% 1.0

Q38-Q45 Other congenital
malformations of the digestive system

25 4.2 14 56.0% 0 0.0% 0.0 11 44.0% 1.9

Q50-Q56 Congenital malformations of
genital organs

1 0.2 1 100.0% 0 0.0% 0.0 0 0.0% 0.0

Q60-Q64 Congenital malformations of
the urinary system

1 0.2 0 0.0% 0 0.0% 0.0 1 100.0% 0.2

Q65-Q79 Congenital malformations
and deformations of the musculoskeletal
system

65 10.8 36 55.4% 4 6.2% 0.7 25 38.5% 4.2

Q90-Q99 Chromosomal abnormalities,
not elsewhere classified

35 5.8 10 28.6% 4 11.4% 0.7 21 60.0% 3.6

Total 384 63.8 154 40.1% 100 26.0% 16.6 130 33.9% 22.0

GN06 DATA MNHR PROTOCOL
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higher rates of anomalies than those currently reported
in the literature for this area [2, 3, 18].

Conclusions
This is the first population-based study to report clinic-
ally evident congenital anomalies diagnosed by health
personnel in Guatemala. Nervous system defects were
the most common anomaly reported with the highest
neonatal mortality and stillbirth rates, while cleft lip and
cleft palate were associated with lower mortality rates.
These data will be useful to better understand con-

genital anomalies and the importance of the prenatal
care and other interventions that are likely to be
beneficial in reducing congenital anomalies. Interven-
tions including family planning, a healthy diet for
women of reproductive age, better control of infections
in pregnancy as well as decreasing exposure to ambient
contaminants like agricultural pesticides may all help re-
duce risk of congenital anomalies. Finally, with better
diagnostic tools, all babies born with a congenital anom-
alies should have early access to medical care and appro-
priate surgery to reduce mortality.
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